Introduction. Both myasthenia gravis (MG) and autoimmune thyroid diseases (AITDs) are autoimmune diseases. Graves'disease (GD) is the most common AITD reported to be associated with MG. Currently, there is limited data on prevalence and clinical features/outcomes of MG in various thyroid diseases in a large database report.
INTRODUCTION
Myasthenia gravis (MG) is an autoimmune disease that results from the binding of autoantibodies to proteins involved in signaling at the neuromuscular junction (NMJ) causing the failure of neuromuscular transmission. These proteins are called the nicotinic acetylcholine receptors (AChR) or, less frequently, a muscle-specific tyrosine kinase (MuSK) receptor involved in AChR clustering. Much is known about the mechanisms that maintain self-tolerance and modulate anti-AChR Ab synthesis, AChR clustering, and AChR function. As a result, nerve impulses cannot trigger muscle contractions. 1, 2 The hallmark of myasthenia gravis is muscle weakness that worsens after use of affected muscles and improves after periods of rest. About two-thirds of patients present with extrinsic ocular muscle weakness that usually progresses to other muscles, resulting in generalized MG. In about 10%, however, symptoms remain limited to the ocular muscle and this condition is termed ocular MG. 3 The incidence of MG is about 1 to 2 per 100,000 each year while the prevalence is estimated to be as high as 20 to over 50 per 100,000 in the population. 4 The incidence of MG is increasing over time due to either improvements in diagnosis or modern treatments so patients live longer with the disease. 4 The distribution is affected by both gender and age in a bimodal fashion. It is more prevalent in women than men in the second and third decades, while in the sixth and seventh decades it affects more men. It is rare in children less than ten years of age. 5 The idea that MG is an autoimmune disease has been applied to other autoimmune disorders of the neuromuscular junction. 6 Patients with MG may have coexisting autoimmune thyroid diseases (AITDs) as well as other autoimmune disorders such as type 1 diabetes mellitus, primary hypogonadism, pernicious anemia, and adrenal insufficiency, known as the polyglandular syndrome.
The thyroid gland is essential for normal human development and maintenance. Rennie described the coexistence of Graves' disease (GD) with MG for the first time in 1908. 7 These coexisting diseases have been reported more frequently afterward. 8 Although the pathogenic link between these two autoimmune diseases remains unclear, an immunological cross-reactivity between the neuromuscular junction and thyroid components was found in overlapping GD and MG. 9 A report found that various thyroid disorders can be seen with MG including hyperthyroidism, hypothyroidism, nontoxic goiter, Hashimoto's thyroiditis and the thyroid antibodypositive euthyroid state. 10 Epidemiological studies showed that thyroid disorders occur in approximately 5-10% of MG patients, 11,12 a fairly low incidence of MG (0.2 %) has been reported in patients with GD. Currently, there are limited data on prevalence and clinical features/outcomes of MG in various thyroid diseases in a large database report.
METHODOLOGY Population
The data here were used from the ICD-10 diagnostic coding system at Srinagarind Hospital, which is a referral university hospital for the Northeast of Thailand from June 1, 1997 to June 1, 2017. Patients with MG were identified by code G700. Thyroid disorders were divided into diffuse toxic goiter (GD) (code E05.0), toxic nodular/multinodular goiter (codes E05.10 E05.11 E05.20 E05.21), Hashimoto's thyroiditis (HT) (code E06.3), non-functional thyroid nodule/goiter which included simple goiter, nontoxic nodular/multinodular goiter and thyroid cancer (codes E04.9 E04.0; E04.1 E04.2, C73). The inclusion criteria were adult patients with age of 18 years or over and had diagnosis of MG with any thyroid disorders mentioned earlier.
Medical records of eligible patients were reviewed. The studied variables included gender, age, geographic area, employment status, comorbid diseases, age at diagnosis of thyroid disease/MG, clinical course, treatments and thymic pathology. Both neurological and thyroid evaluation in eligible patients were based on data obtained from medical records as follows:
Neurological evaluation
MG was diagnosed by patient clinical characteristics, pharmacological, serological, and electrodiagnostic data. The diagnosis was confirmed by amelioration of muscle weakness during chronic treatment with pyridostigmine. A mediastinal CT or MRI was performed and patients with thymic abnormalities underwent thymectomy. The diagnosis of thymic hyperplasia or thymoma was based on histological findings. The severity of MG was classified using the Osserman criteria and was divided into the following groups: Class 1:
Ocular MG (OMG). Class 2A: Mild generalized MG (GMG) with no bulbar involvement; Class 2B: Mild GMG with bulbar involvement. Class 3A: Moderate GMG with no bulbar involvement; Class 3B: Moderate GMG with bulbar involvement. Class 4A: Severe GMG with no bulbar involvement; Class 4B: Severe GMG with bulbar involvement. Class 5:
Defined by intubation with or without mechanical ventilation, except when employed during routine postoperative management.
The patients were categorized as OMG when the symptoms were restricted to the ocular system for two years or more. Treatment of MG included acetylcholinesterase inhibitors (AChEI), immunosuppressants such as corticosteroids, azathioprine, methotrexate, as well as mycophenolate mofetil (MMF), intravenous immunoglobulin (IVIG) and plasma exchange (PLEX).
Thyroid evaluation
Thyroid dysfunction was evaluated, which included physical examinations, thyroid ultrasonography, and thyroid function tests; free thyroid hormones (free T4 and free T3), TSH. The following tests were also carried out when necessary: anti-thyroglobulin autoantibodies (TgAb), anti-thyroid peroxidase autoantibodies (TPOAb), anti-TSH receptor autoantibodies (TRAb), thyroid scans, and thyroid fine needle aspirations. Thyroid diseases were categorized into four groups as follows: GD, HT, toxic goiter, and nontoxic goiter. Diagnosis of thyroid diseases in this cohort was classified based on primary diagnosis of thyroid diseases prior to thyroidectomy or I-131 therapy.
The diagnosis of GD was based on the presence of hyperthyroidism and/or Graves' ophthalmopathy associated with diffuse goiters and circulating TRAb. All patients with primary hypothyroidism associated with positive TgAb/TPOAb and patients with positive TgAb/TPOAb associated with a firm goiter and a hypoechogenic pattern on ultrasound examination of the gland and/or had lymphocytic infiltration on fine needle aspiration were considered to have HT. Toxic nodular/multinodular goiters have a spectrum of different clinical entities, ranging from a single hyperfunctioning nodule within an enlarged thyroid gland, to multiple hyperfunctioning areas scattered throughout the gland barely distinguishable from nonfunctioning nodules and extranodular parenchyma. Nonfunctioning thyroid nodules or non-toxic goiters were diagnosed in patients with a nodule or goiter associated with normal levels of thyroid hormones including thyroid cancer.
Statistical analysis
The frequency rates per 1,000 population of MG in each thyroid disorder were calculated using incident cases of MG with thyroid disorders as the numerator and incident case of each thyroid disorder as the denominator and frequency rate of thyroid disorders in MG was calculated using the same numerator but the incident case of MG as the denominator. Confidence interval (CI) estimates were based on the Poisson distribution.
MG-related clinical factors were studied and categorized by various types of thyroid disorders. Data were presented as numbers (percentage) or mean (SD) in each type of thyroid disorders. Among the four types of thyroid disorders, differences of studied variables were compared by Fisher Exact test or Krukal-Wallis test for proportions or numerical variables, respectively. Both statistical tests were used due to small sample size or non-normally distributed data for comparing more than two groups. Statistical analyses were performed by the SPSS software package, version 15.0 (SPSS Inc., Chicago, IL, USA) for Windows.
RESULTS

Frequency
During Table 1 . 15 ) 0 (0) 1 (12.5) Note: Data presented as number (percentage) unless indicated otherwise; Osserman's classes: Class 1, ocular MG; Class 2A, mild generalized MG with no bulbar involvement; class 2B, generalized MG with bulbar involvement; Class 3, moderate generalized MG; Class 4, severe generalized MG; Class 5, defined by intubation with or without mechanical ventilation, except when employed during routine postoperative management; MG, myasthenia gravis; AChEI, acetylcholinesterase inhibitors; IVIG, intravenous immunoglobulin; PLEX, plasma exchange; azathioprine, methotrexate and mycophenolate mofetil are second-line immunosuppressants used alone or in combination with prednisolone; percentages are given in parentheses.
Clinical characteristics
an endocrine disease characterized by the development of autoimmunity against thyroid antigens. The two main AITDs are Graves' disease (GD) and Hashimoto's thyroiditis (HT) which are the most common diseases coexisting with MG, with a frequency of 7% and 3%. 17 In the present study, the rate of MG patients with thyroid disorders were 0.99/1,000 which was comparable with the general population (0.01%). 4, 21 The rate of MG was higher in those with AITD (1.80 and 9.92/1,000 in GD and HT, respectively). Unlike the previous studies, we found that the rate of MG in HT was higher than GD (Table 1) . Not surprising, female sex accounted for almost 90% of patients with MG in all types of thyroid diseases (Table 2) . 11, 12 Note that MG coexisting with HT also had younger age at diagnosis of HT than other groups of thyroid disorders.
We also found that MG coexisting with HT was quite severe, required more aggressive treatments, and was more related with thymoma ( Table 2 ) than other types of thyroid disorders including GD. Over 80% of MG patients have thymic abnormalities, including hyperplasia and thymoma. 22, 23 Several previous studies have analyzed the incidence of thymoma in MG with AITDs, but the estimates vary widely across studies because of differences in study populations and diagnostic criteria. A Japanese study demonstrated a greater frequency of thymic hyperplasia in MG patients with AITDs, 24 but not in the Chinese or Italian study. 8, 25 Thymic status was available for about 56% (54/97) of patients in this current study; mostly in GD group. The study showed a greater number with thymic hyperplasia in MG patients with GD and a greater number of thymomas in MG patients with HT. Since thymectomy in MG patients usually tends to be performed in those patients with thymoma or a more severe status, this would result in selection bias. The reason why MG with HT in this study was more severe and more common than the GD group may be due to different circulating thyroid antibodies in HT and GD. 20, [26] [27] [28] The TPOAb and TgAb are primary thyroid antibodies in HT, while the TRAb is primarily seen in GD. 28 The differences in thyroid antibodies may lead to different clinical manifestation of MG. GD with MG had more patients with ocular MG (40.38%) than other thyroid disorders ( Table 2) .
From the results of this study, there are two clinical implications. First, patients with ocular MG or mild generalized MG have high prevalence of Graves' diseases (40.38%). For those with class 3-5 MG or moderate to severe MG, the prevalence of HT or toxic goiter was between 37.50%-50% (Table 2 ). These patients should be evaluated for thyroid function tests, thyroid antibodies or thyroid scan when appropriate. Second, MG patients with HT may need more aggressive treatment such as immunosuppressive treatment (56.25%) or prednisolone (93.75%) and relate to thymoma (46.15%).
The main limitation of this study is that it is retrospective and not a case-control study. The data were acquired from existing medical records such as summary charts of admitted patients and OPD cards of outpatients. Therefore, some specific details of each patient such as disease severity, treatment outcome or patient compliance might not have been available for analysis. Secondly, the small sample size of the cases studied remains an important factor limiting the interpretation of the results, although attempts were made to minimize these limitations by reviewing all cases in the study period. Finally, HT in this study was diagnosed only in hypothyroidism which resulted in markedly low prevalence than the GD group.
CONCLUSION
MG is most prevalent in patients with HT. Patients with both MG and HT had more severe MG status and had higher rate of thymoma.
